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Introduction
Catch-and-release (CAR) fishing is a strategy commonly used to manage fisheries, and it relies on the assumption of post-release survival. In CAR fisheries involving deep-water (.20 m) physoclistic species, this important assumption may be invalid owing to elevated incidence of barotrauma sustained during capture (Rummer and Bennett, 2005) . Frequently observed symptoms of barotrauma include an expanded swimbladder, stomach eversion, intestinal protrusion from the anus, and exophthalmia (Rummer and Bennett, 2005) . Other common traumas include hook wounds, damage to internal organs, and scale loss (Davis, 2002) . In addition to physical trauma, fish typically display some physiological imbalance (e.g. elevated cortisol production) caused by the synergistic effects of capture, handling, change in temperature of the environment (thermocline exposure), and air exposure (Barton, 2002; Davis, 2007) .
Physical trauma, impairment, and physiological imbalance may also result in behavioural impairment, such as a decreased ability to acquire food and to avoid predators. Several studies have shown that increased frequency of injury and behavioural impairment caused increased predation of stressed fish in laboratory experiments (Ryer, 2002; Ryer et al., 2004) . A key component for successful escapement from predators is the initial responsiveness of the prey to a potential threat (Fuiman et al., 2006) . If reflex responses are impaired, initial responsiveness would be negatively affected, as well as escapement in the event of a predator attack. Although increased predation of stressed fish has been demonstrated in the laboratory (Ryer, 2002; Ryer et al., 2004) , the rates observed in field settings will be highly dependent on predator density and interest in feeding (Campbell, 2008) . Release mortality associated with CAR fishing can also result from physical injury and physiological imbalance and is often positively correlated with depth (Bartholomew and Bohnsack, 2005; Davis, 2007) .
Owing to the logistical constraints of observing post-release mortality, scientists have looked for proxies of mortality that can be observed soon after CAR fishing and that correlate with release mortality. Traditional physiological parameters such as cortisol, osmolality, and lactate have proven to be effective measures of stress for fish such as coho salmon (Oncorhynchus kisutch), walleye pollock (Theragra chalcogramma), turbot (Scophthalmus maximus), sablefish (Anoplopoma fimbria), and Pacific halibut (Hippoglossus stenolepsis)-see Olla et al. (1997) , Irwin et al. (1999) , Davis et al. (2001) , and Barton (2002) . Unfortunately, physiological indicators of stress have not shown correlation (positive or negative) with mortality (Wood et al., 1983; Olla et al., 1995; Balm, 1997; Bly et al., 1997; Parker et al., 2003) . The reflex action mortality predictor (RAMP), a condition index that measures physical injury and reflex impairment, has proven useful in predicting mortality of Pacific groundfish in laboratory settings (Davis, 2002) . Performance tests, such as swimming speed, have also been used to indicate the degree of behavioural impairment and are useful because they have shown that fish react to a stressor weeks after its cessation (Mesa, 1989; Schreck, 1990; Olla et al., 1992) . In addition, these tests can relate the stresses of CAR fishing directly to the ability of a fish to detect and react appropriately to predators, providing a way to assess the increased risk of predation following release. The most powerful method of analysing the effects of capture stress on fish survival may, in fact, be to use a combination of physical, behavioural, and physiological metrics.
Management strategies for the recreational red snapper (Lutjanus campechanus) fishery have included size limits, bag limits, and closed seasons (Manooch et al., 1998; Schirripa and Legault, 1999; SEDAR 7, 2004) . Each of these strategies effectively results in a CAR fishery as well as uncertainty in the extent of associated release mortality. Studies of the effects of CAR fishing on red snapper have focused on estimating mortality rates using either the inability to submerge, as a proxy for immediate mortality, or mortality in holding cages, as an estimate of delayed mortality (Gitschlag and Renaud, 1994; Dorf, 2003; Diamond and Campbell, 2009) . Both these types of study provide inaccurate estimates of total release mortality. Submergence studies underestimate release mortality because mortality is never directly observed and because the time frame may be too short, whereas cage studies of delayed mortality underestimate total mortality because of the exclusion of predators. To assess accurately the total release mortality of red snapper, a proxy needs to be found that is correlated with release mortality over immediate (min) and delayed time frames (h or d), and by the additional release mortality caused by predation of behaviourally impaired fish. If the extent of the impairment of a fish can be correlated with its vulnerability to a simulated predator, that variable might represent a useful proxy that could be used to estimate the contribution of predation that has been missing in other studies of the effects of CAR fishing on release mortality rates.
Objectives in this study include (i) characterization of the stress response of red snapper by depth in the presence or absence of a thermocline, (ii) evaluation of the relationship between stress response of red snapper exposed to simulated capture and variables indicative of increased predation risk, and (iii) an analysis of the utility of a condition index for potential use in field applications to estimate release mortality and, in particular, predation mortality.
Material and methods

Aquarium systems and fish collection
All fish utilized in the experiment were collected via hook-and-line fishing at sites located offshore of Port Aransas, Texas, shallower than 30 m. Fish length ranged from 20 to 40 cm total length (T L ) and represented sizes that are illegal to keep in the recreational fishery (minimum length 40.64 cm T L ) and would, therefore, have to be discarded. Upon retrieval, the swimbladder was deflated by puncture with a 21-gauge syringe, and the fish was placed in a flow-through, live-well system containing Rejuvenade TM , a commercially available, fish-stress reliever, and transported to shore at the end of the day. [Note that the use of trade, product, industry, or firm names or products is for informative purposes only and does not constitute an endorsement by the US Government or the US Geological Survey (USGS).] Fish were temporarily (1 -3 d) maintained in dockside aquaria at the University of Texas Marine Science Institute before transport to the USGS Cooperative Fish and Wildlife Research Unit at Texas Technical University (TTU) in Lubbock, Texas. At TTU, red snapper were maintained in four circular tanks of capacity 1900 l. Dissolved oxygen, pH, CO 2 , nitrates, nitrites, and salinity were monitored daily to ensure good water quality, while maintaining the fish in aquaria (as per TTU Animal Care and Use protocols). Protein skimmers and filters were monitored and cleaned daily. Following transport from the coast and before being housed at TTU, individual red snapper were treated for 1 min in a freshwater bath to kill external parasites, at which time a Floy tag TM was inserted into the epaxial muscle; fish were then returned to one of the four aquaria. Each sampling trip was restricted to fewer than 30 fish to ensure low stocking densities and optimal health during captivity. Fish were acclimated to holding conditions for 14 d, during which time unhealthy and dead individuals were removed to eliminate any potential health issues with the remaining fish. Fish were offered shrimp every other day and were fed ad libitum (4% of body weight per day).
Performance and reflex responses
Once the fish were orientated normally, swimming actively, and eating daily, they were considered healthy and used in the experiment. They were randomly assigned to one of the five depthtreatment groups (0, 15, 30, 45, and 60 m) and to either a 08C increase (NT) or a 78C increase (T) in the temperature of the water in the release tank after decompression, simulating either the absence or presence of a thermocline. Depth and thermoclineexposure groups were reflective of conditions experienced by red snapper during recreational fishing in Texas coastal waters (Dorf, 2003; Diamond and Campbell, 2009 ). The 0-m groups (either T or NT), although biologically irrelevant, are needed in a fully crossed design, and they also represent the baseline response that could be expected from unstressed fish. In all, 69 red snapper were used in the experiment, with varying sample sizes in each treatment group (Table 1) . Depth of capture was simulated in hyperbaric chambers constructed of high pressure-tolerant, schedule 80 PVC pipe (0.61 m in diameter, 12.22 m long). Water was cycled continuously through the chambers during simulations using a 0.5-hp, deep-well pump (Flotec, FP2212-02). Hydrostatic pressure was created within the chamber by reducing water outflow at the exit valve of the chamber. Fish were lowered to depth in the chambers by 3-m increments every 0.5 h unless the subject had not achieved proper reorientation in the water column (normal vertical orientation). Fish remained in the hyperbaric chambers for 16-18 h. Fish in the 0-m groups (both thermocline exposures) were placed in the hyperbaric chamber with no hydrostatic pressure applied.
Rapid decompression of subjects was performed over a time frame (1 m s
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) similar to what would be experienced on a recreational fishing boat from the same depth (Campbell, 2008) . Following exposure to rapid decompression, and removal from the hyperbaric chamber, external symptoms of barotrauma were noted and the reflex responses tested. The barotrauma-reflex (BtR) score developed was modified from the RAMP procedure developed by Davis and Ottmar (2006) . All barotrauma incidences observed and reflex responses tested were categorical in nature (1 ¼ unimpaired state, 0 ¼ impaired state). Fish were examined for a suite of barotraumas, including expanded abdominal cavity (tightened air bladder), stomach everted and protruded from the oral cavity, intestine protrusion out of the anus, exophthalmia (eyes bulging), subcutaneous haemorrhaging, and activity level. Reflex response testing was performed out of the water over 1 min, with the fish restrained so that each test could be done in isolation. Reflex responses tested included gag, opercular, dorsal spine, vestibular-ocular (VO), and tail-flex responses. The gag response was tested by inserting a narrow probe into the oesophagus; a positive response was noted as involuntary-muscle contractions intended to dislodge the probe from the oesophagus. The opercular response was measured by observing whether the fish actively attempted to ventilate the gills (gilling). Active gilling was considered a positive response. The dorsal-spine response was tested by moving a probe over the dorsal spine, causing it to fold back. Positive dorsal spine response was noted when spines returned to an erect defensive position. VO response was observed by turning the fish along its lateral axis. Positive VO was noted when the eye rotated within the orbit and refocused on a fixed position (the observer).
Tail-muscle flex was tested by inserting a syringe needle into the hypaxial musculature of the subject. Positive tail-flex response was noted if the muscle contracted. If the subject demonstrated hypaxial-muscle contraction (tail flapping) before insertion of the needle, it was considered positive and no needle insertion took place. To calculate the BtR score, the total number of barotraumas and reflex responses present was summed, divided by the total number possible, and subtracted from 1 [BtR ¼ 1 2 (summed individual responses/total responses possible)]. A BtR score close to 0 indicated a fish with low impairment, and a score close to 1 indicated reflex impairment or elevated level of trauma.
Following BtR observations, the subject was placed in a test arena for predation simulation and measurement of performance responses. For the thermocline-exposed fish (T), the test arena had previously been heated 78C above ambient, and for the non-thermocline-exposed fish (NT), it was kept at ambient temperature. Predator attack was simulated from behind a screen by rapidly thrusting a dipnet directly at the lateral surface of the fish. Predator simulations were administered at 0, 5, 10, and 15 min post-decompression, which allowed investigation of the time-course of impairment and estimation of recovery times. Response variables measured were closest simulated predator approach distance (AD, cm), maximum burst swimming speed attained (BSS, cm s 21 ), and the amount of time the fish spent reacting to the stimuli, or the duration of the response (Dur, s). A video camera (Sony DCR-TRV117, 32 frames s 21 ) was mounted above the testing arena to film the sequence of predatorattack simulation and subject response. A grid was placed on the bottom of the test arena to assist in calculations of AD and swimming speed. Following predator simulation, fish rested for 30 min, after which they were removed from the tank and blood was drawn from the caudal vein (1 h post-decompression). The 1-h time frame was selected because a pilot study demonstrated that cortisol response in stressed red snapper peaked 1 h post-application of this type of stressor. Table 1 . The values for barotrauma symptoms represent the percentage of fish displaying the symptom, whereas reflex response values were negative for the response.
n is the sample size for the treatment. Thermocline indicates that fish that were put into water 78C above ambient after decompression, and no-thermocline fish were returned to water at ambient after decompression.
Enzyme-immunoassay cortisol procedure
Blood was drawn from the caudal vein into a syringe containing a sodium-citrate-based anticoagulant (ACDB). Blood samples were immediately aliquoted into micro-centrifuge tubes and spun at 5500 rpm for 5 min. After centrifugation, the plasma was aspirated off and allotted into individual micro-centrifuge tubes and frozen. Cortisol levels were evaluated using an enzyme-immunoassay (EIA) kit developed by Cayman Chemical Inc., Ann Arbor, MI, USA (Cortisol EIA kit no. 582121). In lieu of standards supplied by Cayman Chemical, red-snapper-specific standards ranging from 0.244 to 62.5 ng ml 21 were developed following the method of Irwin et al. (1999) . All assays were performed following the instructions provided in the kit. Every EIA performed included quality controls, and all samples and standards were assayed in duplicate and consisted of 50-ml aliquots of standard or sample. The product of the enzymatic reaction is a distinct yellow colour, the intensity of which is measured spectrophotometrically at a wavelength of 412 nm on a plate reader. Quality control standards and sample wavelength values were entered into a spreadsheet provided by the kit's manufacturer to calculate cortisol concentrations. For each assay performed, a standard curve was calculated, and samples falling below 20% B/B o and above 80% B/B o were deemed unreliable and re-assayed. Assay validation was achieved by analysing returns for 50 and 25% dilutions of known samples.
Statistical analysis
All statistical analyses were performed using either SAS (version 9.1) or Matlab (version 7.5.0, r2007b). Owing to camera error or poor cortisol assay performance, 6.5% of the datapoints were missing, so a maximum-likelihood technique was used to estimate the missing data values. Differences in the BtR score and cortisol levels by depth and thermocline treatment were tested using isotonic regression. Isotonic regression is analogous to ANOVA in that differences by treatment group are analysed. The advantage of using isotonic regression is that it tests ordered expectations by treatment group (H a ¼ m 1 m 2 ... m k ), it results in more power to detect a difference than standard ANOVA, and the relationship of the order does not have to conform to any particular functional form, such as a linear relationship (Gaines and Rice, 1990; Rice and Gaines, 1994a, b) . For the isotonic regression of cortisol and BtR, the minimum response was expected for the 0-m depth group, and the maximum response was expected for 60-m depth. Thermocline and non-thermocline groups were tested independently, while maintaining depth-treatment groups. Performance variables (ad, bss, and dur) were measured on the same fish at a set interval (0, 5, 10, and 15 min), so differences for those variables by depth and temperature treatments were analysed using repeated-measures ANOVA. Finally, to analyse fish recovery over the experimentation period, performance variables were tested using isotonic regression. For the isotonic regression, we expected minimum response for the initial measurement (0 min), and maximum response for the final measurement (15 min).
Results
Characterization of stress response/BtR index
The frequency of barotrauma incidences observed and the impairment of reflex responses showed considerable variation regardless of treatment depth or thermocline challenge (Table 1) . The most frequently observed barotrauma symptoms were expanded abdominal cavity (tightened air bladder), intestinal protrusion, and stomach eversion, although stomach eversion was not seen in the thermocline-exposed fish at any depth. Gag and dorsal spine were the most common reflex responses to show impairment, whereas the VO response was not observed once, regardless of treatment. BtR scores ranged from 0 to 0.45 and showed increasing impairment as depth increased for both NT-and T-exposed fish (NT: E Table 1 ). There was no mortality during the course of the experiment.
Cortisol concentration ranged from 0.08 to 53.47 ng ml
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, and generally showed increasing response as depth increased, but like the other variables, the trend of individual variation was high (Table 1) . There was significant ordering of cortisol concentration for both NT and T groups by depth (NT: E 2 a¼0.05 ¼ 0.3047, p , 0.001; T: E 2 a¼0.05 ¼ 0.849, p , 0.0005). The ordered response for cortisol was more evident for T fish than for NT fish, whereas the magnitude of response was generally greater for the NT fish (Table 1) .
Predator simulations
Simulated predator ADs ranged from 0 to 106.68 cm and showed a trend of decreasing AD (greater impairment) as treatment depth increased for both NT and T subjects (Figure 2 ). Repeated-measures ANOVA results show significant differences by depth (F a¼0.05,d .f.¼4 ¼ 3.84, p , 0.008), and no difference by temperature or for the interaction term. Post hoc testing showed significant differences between 0 and 40 m (t a¼0.05,d.f.¼56 ¼ 2.75, p , 0.05), and 0 and 60 m (t a ¼ 0.05,d.f.¼56 ¼ 3.16, p , 0.02). Both NT and T fish showed smallest ADs (highest performance deficits) with the 45-and 60-m depth-treatment groups.
The AD response demonstrated that NT fish, regardless of depth treatment, showed an initial reduced AD (greater impairment) followed by a general trend of recovery through 15 min, with most of that recovery in the first 5 min (Figure 3a) . Isotonic regression showed significant ordering of response as (Figure 3b) . However, the T fish generally showed increasing impairment after 5 min, indicating that recovery was unsustained when thermal stress was added. Recovery was further prolonged for the 45-and 60-m T fish too.
BSSs in the experiment ranged from 0.0 to 433.9 cm s
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, and both NT and T groups generally showed decreasing swimming speeds as treatment depth increased ( Figure  4 ). Repeated-measures ANOVA results show significant differences by depth (F a¼0.05,d.f.¼4 ¼ 3.06, p , 0.024) and no difference by temperature or for the interaction term. Post hoc testing showed significant differences between 0 and 60 m (t a¼0.05,d.f.¼57 ¼ 2.94, p , 0.036). All other treatments were non-significant. The 0-min predator simulation showed decreasing speeds as treatment depth increased for both NT-and T-exposed subjects (Figure 4) . Both NT-and T-exposed fish showed highest swimming speeds for the control, 15-m, and 30-m depth groups, and slowest speeds for the 45-and 60-m depth groups.
Evaluating BSS over the experiment showed that the NT and T fish from shallower water (15 and 30 m) had peak BSSs at 5 min post-decompression and declined thereafter, whereas fish from deeper were more variable (Figure 5a 
Correlation between BtR and performance variables
There was a significant negative relationship between BtR score and the 0-min BSS response (F a¼0.05,1,60 ¼ 36.1, p , 0.001, r 2 ¼ 0.46; Figure 6a ). There was also a significant negative relationship between BtR score and 0-min AD (slope different from 0, F a¼0.05,1,62 ¼ 28.6, p , 0.001, r 2 ¼ 0.4; Figure 6b ). Linear regressions between BtR score and all other variables were not significant. There was significant ordering of cortisol concentrations by BtR score tested in isotonic regression (E a¼0.05 ¼ 0.1124, p , 0.026). Means plots show that as BtR scores increased (increasing stress), cortisol response values increased (Figure 7 ).
Discussion
The importance of scaling the stress response Stress responses tend to show high levels of individual variation and, hence, inconsistent responses under different fishing and environmental conditions (Davis, 2007) , and this study was no exception (Table 1) . To negate the high variability associated with individual metrics, we tried a synergistic approach of condition indexing to evaluate the effects of simulated capture stress. Isotonic regression results support the hypothesis that impairment, as measured by BtR, will increase significantly with increasing depth for both thermocline treatments (T and NT). Although this study only investigated externally visible symptoms of barotrauma, the effects are not restricted to those that can be seen externally. Frequency and severity of internal traumas to red snapper increased with increasing decompression depth and were significant from depths as shallow as 10 m (Rummer and Bennett, 2005) . Positive relationships between depth and frequency of trauma have also been observed in field studies of the effects of CAR fishing on red snapper (Gitschlag and Renaud, 1994; Dorf, 2003; Diamond and Campbell, 2009) .
The effects of thermoclines are also important to understand because the Gulf of Mexico red snapper recreational fishing season has been restricted to the months April -October since 1999 and has been further restricted from June to August since 2008 (Schirripa and Legault, 1999; SEDAR 7, 2004; Gulf of Mexico Fishery Management Council, 2009 ). Moreover, during summer in the Gulf of Mexico, water temperatures peak, and thermoclines of 78C or more are common (Minnery, 1990) . Thermocline-exposed fish showed greater impairment at shallower depths than NT fish, but the level of impairment was similar for both NT and T groups in deeper water (Figure 1 ). Exposure to a thermocline-increased impairment at the shallowest depths potentially eliminates any benefits for fish captured in shallow water during the summer fishing season.
Similar to the rates of impairment, release mortality increases with increasing depth in both the recreational and commercial red snapper fisheries, suggesting a degree of connectivity between impairment and mortality (Nieland et al., 2007; Diamond and Campbell, 2009 ). Importantly, the impairment indices from which BtR was modelled (RAMP) have been correlated with increased mortality for walleye pollock, northern rock sole (Lepidopsetta polyxystra), sablefish, Pacific halibut, and coho salmon (Davis and Ottmar, 2006; Davis, 2007) . In addition to potential problems associated with a summer fishery, the discard rate in sectors of the Texas fishery ranges from 70 to 80% annually (Dorf, 2003) . Coupling high discard rates with elevated impairment, risk of predation, and ultimately greater mortality suggests that a significant number of red snapper die as a consequence of the stress associated with CAR fishing. For these reasons, we believe that the BtR index could be an effective tool to predict release mortality in the field.
Performance responses and recovery
Similar to the BtR score, performance variables also demonstrated a significant relationship with depth. Predator AD and BSSs showed significant differences between the control (0 m) and the deepest treatments (40 and 60 m). As treatment depth increased, BSSs slowed and simulated predator AD decreased. Both these results indicate that maximally stressed individuals are less capable than their counterparts of responding to and escaping from a predator. Decreased performance with increasing stress treatment level has been demonstrated for juvenile sablefish and walleye pollock and has been associated with elevated predation mortality in the laboratory (Ryer, 2002; Ryer et al., 2004) . Depending on the depth at which the fishery is prosecuted, this result could have significant implications for release mortality in the red snapper fishery. Observations of the headboat fishery of coastal Texas show a mean fishing depth of 40.2 m (Dorf, 2003) , a depth at which we have shown significant impairment in this study.
Analysis of the ability of red snapper to recover response capability over time is less clear than analysis of depth treatments and is particularly inconsistent for the thermocline-exposure group. Fish that were not exposed to a thermocline show a general increase in AD for all depth groups, with significant ordering of response from 15 and 30 m (Figure 3a) . Regardless of depth, non-thermocline-exposure fish show increased BSS after the first 5 min, after which the response tapers. Both results imply that fish exposed to the minimal stress treatments (i.e. shallow depth and no thermocline) recovered performance capability after 15 min. Conversely and regardless of depth treatment, thermocline-exposed fish showed no significant ordering of AD over time, and inconsistent recovery of BSS, with only the 45-m group showing significant ordering. Fish exposed to the maximum treatments (thermocline and greater depths) do not appear to recover performance capability over time. When red snapper were exposed to both thermocline and depth stressors, they were less able to react to and escape from a simulated predator. The timespan required for red snapper to recover from the sublethal effects of CAR fishing is unknown at this point, but trawl-caught walleye pollock showed behavioural impairment up to 24 h later (Ryer, 2002) . In relation to predation at release, the initial responses (0 and 5 min) are likely to be the most important because healthy subjects in the field will generally have reached protective habitat within that time frame. However, the risk of predation for an individual fish will increase if it is unable to submerge, swim quickly, or react to the presence of a predator. It is also important to consider that predation rates of CAR red snapper will likely depend on variables, such as type of predators present, predator density, and predator avidity (Campbell, 2008) .
Correlating BtR with performance
BtR scores showed positive correlation with cortisol levels, which indicates that cortisol is elevated in response to increasing impairment and is likely functioning to help cope with stress and return the animal to homeostasis (Barton, 2002) . In addition, BtR scores were negatively correlated with BSS and predator AD immediately after decompression, when performance responses are critical for predator evasion (5 min). If BtR scores from the laboratory are replicated in the field, they may represent a proxy that can be used to estimate BSS and predator ADs in oceanic environments during CAR fishing. This is significant, because swimming speed and AD of predators have been cited as important variables in estimating predation mortality following the application of a stressor (Ryer et al., 2004) . Possibly more important is that BtR is scaling in similar ways to both performance and physiological variables and, hence, demonstrates flexibility in how the metric could be directly or indirectly used in data analysis and management concerning CAR fishing regulations. Although the use of impairment-scaling methodologies developed in laboratory settings is not expected to be valid for wild fish, the concept of predicting mortality based on reflex impairment is valid in field conditions (Davis and Ottmar, 2006; Davis, 2007) .
Limitations of the study
Although simulations using hyperbaric chambers and simulated predators mimic field conditions, associated limitations must be explored. First, no fish died from decompression in hyperbaric chambers during this experiment. In addition, the hyperbaric chambers did not readily produce exophthalmia in decompressed fish. One possible explanation for the lack of observed mortality or exophthalmia was that acclimation time to depth was possibly too short. This study reports secretion rates of 2.08 m h 21 , and a separate red snapper barotrauma study reports rates of 0.52 m h 21 (Rummer and Bennett, 2005) . If the secretion rate is as reported in the Rummer and Bennett (2005) study, fish in this study may not have fully acclimated to depth. To calculate secretion rates in this study and others, fish had to achieve neutral buoyancy and display minimal fin movement to be considered acclimated (Harden-Jones and Scholes, 1985; Wilson and Smith, 1985; Rummer and Bennett, 2005) . Depending on how and when an investigator determines sufficient acclimation, the reported acclimation rate changes subjectively (0.5 vs. 2.08 m h 21 ). It has been reported that secretion rates probably do not exceed 2.5 m h 21 (Wittenberg and Wittenberg, 1974) , a level that exceeds the one we found. Methodology that reduces or entirely removes the subjectivity of calculations concerning secretion rate would clarify this source of uncertainty. Another potential contributing factor was that fish tested in this experiment were already survivors of hooking, barotrauma, handling, transport, and captivity. Less robust individuals either died in live wells on the boat, during acclimation time in dockside tanks, in transit, or in the laboratory itself before experimentation. Despite these differences, the laboratory setting effectively mimicked most of the environmental conditions encountered by red snapper captured in the recreational fishery. However, the stress variables measured herein likely represent conservative estimates in light of acclimation times calculated in other red snapper barotrauma experiments, particularly for estimates from the deepest treatment depths.
Conclusion
The results of our study lead us to believe that the stress experienced by red snapper during CAR fishing disrupts homeostasis, results in increased impairment, and possibly could result in increased release mortality through predation. The BtR metric is efficient at describing the observed impairment in the laboratory, and potentially represents a field tool that can be used to estimate release mortality rate (immediate, delayed, and predation). Finally, because of the ease of data collection, ease of calculation, and the flexibility shown in directly or indirectly estimating release mortality, we suggest that future discard studies of deep-water, physoclistic species seriously consider including BtR variables and analysis.
